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The clarification of rainfall–runoff processes in headwater regions has been a distinctive 
challenge in catchment hydrology linked to sustainable water resource management and flood 
countermeasures. Time-variant water age in catchments can fundamentally describe catchment 
function controlling rainfall–runoff generation, groundwater flow pathway, and water storage. 
Sulfur hexafluoride (SF6) has been widely applied as a tracer to date young water age in many 
previous studies. However, although rainstorm events have been recognized as an active phase 
in catchment hydrology, accurate and precise time variances of water age and related water 
dynamics during rainfall have not been well clarified yet. Here, to reveal temporal variations of 
discharge water (spring) age and related hydrological processes in a forested headwater 
catchment with an area of 4.5 ha during rainstorm events, periodic and intensive field 
observations were conducted in Yamakiya district (Fukushima, Japan) from May 2015 to May 
2017. Discharge volume, groundwater table level, and amount of precipitation were measured 
at intervals of 10 min. Groundwater, spring water, soil water, and precipitation water samples 
were collected for determining stable isotopic compositions, inorganic solute concentrations, 
and dissolved gas concentration (SF6) in water. To begin, the author developed an apparatus for 
measuring dissolved SF6 in water. This apparatus is new in terms of ease of use and suitability 
for analyzing dissolved SF6 in water. Therefore, the developed system was used for determining 
dissolved SF6 in water samples in this study. 
The relation between the age of spring water and spring discharge volume shows opposite 
trends between rainless periods (light negative correlation between age and discharge) and 
rainfall periods (positive correlation between age and discharge). This indicates the differences 
in hydrological processes during rainless and rainfall periods. In terms of water age, the author 
clearly observed older water ages for the spring (13.6 years at most) during periods of intense 
rainfall than those observed during rainless periods (1.8–6.8 years). Groundwater age near the 
spring discharge point was older (9.2–12.8 years) shortly after a rainstorm than it was during 
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rainless periods (<1–8.5 years). In the case of tracer data, the stable isotopic composition of 
rainwater observed in rainfall changed largely during rainfall events, whereas that of spring 
water did not change significantly, indicating that the rainfall component did not contribute 
significantly to spring water during rainstorms. In addition, chloride ions, sodium ions, and 
silica concentrations in spring water during rainfall periods changed toward the dominant 
values of the older groundwater component stored in the catchment. This change in timing 
corresponds to that of the discharge of older spring water during rainstorms.  
All observed data suggest the contribution of the older groundwater component stored in 
bedrock to spring discharge during rainstorms. Moreover, considering the temporal change in 
groundwater age, replacement of younger water with older groundwater in the valley due to the 
bedrock groundwater contribution through abundant bedrock fractures is indicated as a 
mechanism for the discharge of older water during rainfall events. In addition, although no clear 
change in the groundwater flow system was observed based on the hydraulic potential 
distribution, the hydraulic gradient between groundwater near a spring and a discharge point 
increased by 10% as compared to that before rainfall. Therefore, this 10% increase in the 
hydraulic gradient is suggested as the driving force behind those phenomena. The main finding 
is that rainfall affects the groundwater flow system in headwater regions with a thin soil layer 
and fractured bedrock serves as an important trigger for the discharge of older water 
components with ages >10 years stored in the catchment. 
The author focused on the groundwater component in the rainfall–runoff water to reduce 
the number of complex factors. As a result, the study inferred results opposite to those of 
previous studies using stable isotopic compositions; the present study clearly supports the 
concerns expressed in previous studies with respect to the fact that the dating method based on 
stable isotopes misses older water components. This study provides new insights into older 
water dynamics and responses to rainfall in headwater regions, which are important source 
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regions of discharge water. Future studies can possibly discuss the effects of rainfall (direct or 
indirect) on the older groundwater to further interpret rainfall–runoff processes based on water 
age information with high time resolution during rainstorms. 
 
